Results are presented for two cases: with an overlay, assuming all cells are fully loaded
with the maximum number of AMPS and/or TDMA users; and with no overlay, i.e., the

transition is complete and B-CDMA users alone occupy the spectrum.

If the B-CDMA system shared the 3-sector antenna with the AMPS/TDMA system, the

capacity of the B-CDMA system would be halved.

2.2 Broadband CDMA in the PCS Band

Figure 2.2 shows the variation of the capacity of a B-CDMA system as a function of data
rate in the PCS band. Three curves are shown, each assuming an omnidirectional
antenna in the base station. The chip rate is 12Mchips/s and the transmission bandwidth

is 15SMHz.

The top curve assumes no microwave users. If additional antenna sectors are employed,

the number of B-CDMA users/cell increase approximately proportionally.

The next two curves represent a PCS overlay when microwave users are present. Note
that the capacity in an urban area is significantly greater than in a suburban area since,

in the urban area there is increased shielding between the PCS user and the microwave

receiver.
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23 Com@rison of B-CDMA Capacity in the PcS and Cellular Bands

In order to compare the capacity of the PCS and Celliular systems, one should first note

that the radius of a typical cellular cell is approximately 5000 feet while the radius of a

PCS microcell is about 1000 feet. Thus the ratio of the areas serviced by a base station

varies by

about 25 to 1.

Figures 2.1 and 2.2 compare capacity on the basis of

Users/Base station, while Table 2.1 compares the PCS and cellular systems on the basis

of Users/Sq. mile. Note that the number of PCS Users/Sq. mile can greatly exceed the

number of Cellular Users/Sq. mile.

Data Rate, kb/s

Cellular Overlay Users/Sq. Mile

PCS Overlay Users/Sq. Mile

No AMPS/TDMA
Users Present

Users Present

AMPS/TDMA No Microwave Users

Users Present

Microwave Users

Urban

Suburban

1,060

158

22,152

5,296

392

430

64

9,000

2,152

160

31

4,496

1,080

80

144

1,992

480

32

1,072

264

16

176

40

0

TABLE 2.1: COMPARISON OF CELLULAR AND PCS B-CDMA USERS

10.0 CONCLUSIONS

The above study shows that B-CDMA should be employed in both cellular and PcS bands

in order to maximize capacity, provide high quality voice (no delays) and high data rates

(up to T1).
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It is further shown that through the use of microcells in the PCS band, the capacity of a
PCS system, as measured in users/sq. mile, greatly exceeds the number of users/sq.

mile achievable in the cellular band.
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Propagation Modeling

Urban/Suburban Out-of-Sight
Propagation Modeling

Urban thoroughfares are “mean streets” for 2-GHz propagation,
but a new model can help designers.
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ue to the ever-expanding demand
for personal and mobile commu-
nication networks in urban settings,
it has become evident that micro-
cellular technology must be used
to accommodate more users,
more efficiently. This paper focuses on the use of
broadband direct sequence (DS) spread spectrum
code division multiple access (CDMA) as an effi-
cient means of communication [1-3]).

There are many features of CDMA which are ide-
allysuited for PCN, such as multipath immunity, vir-
tuaily unlimited addressing, privacy without
encryption, etc.

in this paper, a model is established for the
calculation of the path loss characteristics of a DS
Spread Spectrum Signal which occurs when a mobile
user is out-of-sight of the base station due to
buiiding blockage. The environments studied are
common throughout the world. For the experiments,
the base station antenna was set at heights of 6.6
meters or 3.3 meters, while the mobile antenna
was fixed at a height of 1.5 meters.

Out-of-Sight Communication

ut-of-sight communication is defined by Fig. 1

which illustrates a transmitter, street configu-
ration, and a receiver moving out of sight of the trans-
mitter. The urban area experimental data was
gathered on two locations in the midtown section
of New York City, with the locations of the trans-
mitting antenna along Park and 6th avenues. The
buildings in these regions are located next to each
other and the average height of each building is
approximately 30 meters. Each block is approxi-
mately 75 meters long. The width of the main
streets and side streets are approximately 30
meters and 20 meters, respectively.

The suburban area experimental data was
gathered in Flushing, New York, with the loca-
tion of the transmitting antenna along Northern
Boulevard. The main difference between the two
environments is the relative heights of the build-
ings and the congestion. The Flushing buildings

are approximately 15 meters in height.

For all measurements, the height of the trans-
mitting antennaremained fixed at 6.6 meters, except
forthe Park Avenue measurementswhere a 3.3 meter
transmitting antenna height was alsoused. The base
station antenna and the transmitting equipment were
placed about 4 meters away from the buildings
for the 6th Avenue and Northern Boulevard mea-
surements, while for the Park Avenue South
measurements the transmitting antenna was
placed in the middle of the street. The receiving
antenna was mounted on the roof of a vehicle
which carried the measuring equipment. A DS-BPSK
Spread Spectrum signal was then transmitted
from the base station at 1956 MHz and at a chip
rate of 24 Mb/s. A photo interrupter placed on
the measuring wheel was used as a switch to col-
lect data at 1 cm intervals. The data was then
stored on the computer’s hard drive for future
analysis. Omnidirectional antennaswith A/4 dipoles
were used. The equipment used was manufac-
tured by SCS Mobilecom, Inc.

LOS Model

In the line-of-sight (LOS), propagation path losscan
be characterized by two slopes and a single break-
point[1,2,4,5). An approximate upperbound (where
propagation lossis treated asa positive quantity) has
been modeled|2] theoretically and verified by exper-
imental data as

_ 20log \o(d/R}) ,
L= Lyt {40log o @R,),

d<R, )
d>R,

where d is the distance from the transmitting
antenna to the receiving antenna.
An approximate lower bound [2] is given by

25log (4(d/R,), d<R
L=L+20+ 10V1h b (2
b {40]0g 0@Ry),  d>R, )

where Ry is the breakpoint in the bound and is
given by
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3)

where A, is the height of the transmitting anten-
na, h,, is the height of the mobile antenna and A
is the wavelength.

L, is defined as
22
L, ={20logyg —— “)
8 ik,

These two bounds are shown in Figs. 2 and
3. Data for these figures were taken in the mid-
town section of New York City and Flushing, Long
Island.

Out-of-Sight Path Loss Model

The out-of-sight propagation model in urban
and suburban areas with perpendicular streets and
avcnues has two distinct characteristics. The
first characteristicis that after turning the corner,
a sudden drop in power icvel occurs. The sec- Lo )
ond characteristic is that there is a steeper
slope (path loss vs. distance) along the out-of-sight Transmitter
streets. Similar results were obtained in the Tokyo - - -
metropolitan area for the narrowband signal W Figure 1. Qur-of-sight propagation.

{7]. Both the power level drop and the steeper
slopes depend on the widths of the streets and
the distance from the transmitter to the corner ) - ;
where the mobile receiver moves out of sight (turn- R
ing corner distance). As the turning corner dis- ' LTI TTTT :
tance increases, the power level drop and the slope
also increase. The reason that this drop and
different slope occurs, is because of the angles
at which the reflected rays enter the out-of-
sight streets as well as the number of rays enter-
ing the out-of-sight streets. )

Figure 4 shows how the reflected wavesenter the
out-of-sight street at near and far distances.
From the figure we can see that the angle 8 in the
out-of-sight street is larger in the case of the far-
ther out-of-sight street. This results in more
reflections along the same distance whencompared
tothe closer out-of-sight streets. The multiple reflec-
tions are the main reason for the steeper slopes.
There is a greater power loss inflicted on a ray
when it bounces off the building than the loss
which occurs because of the increased path . : v T T
length, especially for the large angles. Depending ‘ Segl L piaiiiiio Pl
on the number of reflections along the particular L :
distance, the path loss vs. distance slope increas- ) g2 7] S
es. More reflections produce steeper slopes. : : Ty :

To develop the theoretical model, it was
assumed that the reflected rays are dominant
overthediffractionrays. In Fig. 4, ateachpointalong
thedistance d,, many rays contribute to the received
power. When d, is smaller, rays which are reflect- & : RN
ed less frequently along the walls of distance d,, C e : : AL TR :
are the dominant ones. As distance d, increases, ol S 1 58
these rays attenuate faster than the rays which
are reflected frequently along the distance d;.
The rays which are reflected more frequently

Path foss in D8 - )

.

"WFigure 2. Suburban-area experimental data hy, = 6.1 meters, h,, = 1.5

along the distance d) are less frequently reflected 140 i M S S S E- I S
along the distance 45, and as the distance d; -l w o o e 10t
increases these rays at some point experience less Ortanepimetes .~ - :
attenuation than the rays which are reflected s Figure 3. Urban-urea experimental data hy, = 6.1 meters, h,, = 1.5 meters.
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- Figure 8. Manhauan, out-of s¢ghl propagarion (d ;=

290 meters, hy, = 6.6 meiers.}

& Figure S. Only the rays passing through point A
are summed.

8 Figure 6. Rays with the minimum angle o;; and
the maximum angle a;y; of rays which leave the
transmitier and which enter the out-of-sight street.

many times along the distance d,. The power of each
ray can be calculated using the classical square
law propagation formula:

2 VR
Po=Pl—=|— s)
an ] p2?

Where Ris the total reflection coefficient and isequal
to ’

R=RN(y)RM () ©)
For the electric field perpendicular to the inci-
dence plain
sin(M)-Jc -00s(7,8)
R(y.8) = (7a)
sin(y.&)*J;- cos(y,8)
and
€ =€, —J60OA (7b)
where:

vis the angle between the ray and the
reflecting surface in the LOS street

Sisthe angle between the ray and the reflect-
ing surface in the out-of-sight street

N is the number of reflections in the LOS
street

M 1s the number of reflections in the out-
of-sight street

D is the path length

P, 1s the transmitted power
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P, is the received power
€, is the dielectric constant
o is the conductivity in mhos/meter

The received power of all the rays which reach
the receiving antenna is calculated using

2R2 .
i P,
-5() rod 23k )oo‘”““ )

@

where n is the number of rays reaching the anten-
na and (A/ -4j) is the phase difference between
two rays.

In the model for out-of-sight transmission,
for simplicity, only the rays which passed through
point A in Fig. 5 were summed. Figure 6 shows
the angle a;, which represents the minimum
angle for which the ray leaving the transmitting
antenna enters the out-of-sight street with onlyone
reflection along the distance dy. The angle ay
represents the maximum angle for such a ray.
The angle a is the angle for which the ray passes
through point A. Assuming that they reach the
receiving antenna, the path length and the angle
of incidence of the rays passing through the
point A represent the approximate path length and
angle of incidence while propagating along the out-
of-sight street.

Now, let us define coefficient ¢ as

Qi —Qy;
n

a;= Jd=12..n )

The coefficient g is proportional to the num-
ber of rays entering the out-of-sight street and
a; < l. The same coefficient can be calculated
for each of the rays passing through point A in
Fig. 5. For the LOS case a;=1. The second sum-
mation term in Equation 8 represents multipath
fading (the phase angles are assumed to be sta-
tistically independent having a uniform proba-
bility density function in the interval {0 - 2n}),
and hence the average path loss L, for the out-
of -sight communication model is

3

L, =j0log,, ?,( . "ID,G- <1(10)

Figures 7 through 9 show the theoretical
results for different turning comer distances obtained
using Equation 10 as well as experimental data.
The dielectric constant € = 15 and conductivity
constant g = 7 were used. The conductivity ¢ can
have very large values (> > 1) for building sur-
faces and structures {6].

The value of ¢ was chosen 1o give a close match
to the path loss experimental data. In the theoreti-
cal analysis it was assumed that for each out-of-
sight street of interest, the power leakages through
the preceding streets are negligible. This assump-
tion was based on the fact that coefficient o; in
the LOS street is 1, while in the out-of-sight
street it is much less than 1. which indicates that

e n Yoy . L

.,.WQ-..,.«. prie ,»-

melers, w; = 25 meters and wy = 50 meters.

- F'gure 10. Out-of s:ght propagatwn (computer evaluation) ford; = 160

& Figure 11. Out-of-sight propagation {(computer evaluanon for the comer

attenuation) d; = 160 meters, w; = 10 to 50 meters.

the power leakage through the out-of-sight streets
is negligible, especially when the turning corner
distances are large.

Figures 13 and 14 showthe comerattenuation and
the slope after turning the corner as a function of
the distance between the transmitter and the cor-
ner where the mobile receiver moved out-of-sight.
The theoretical result obtained when the out-of-
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W Figure 12. Out-of-sight propagation (computer evaluation for the slope)
d; = 160 meters, w; = 10 10 50 meters.

e X Urban area experimental data
0 Suburban area experimental data :
tagereearen .

S350 _ Tneoresical resutt

~ PR S ~) ..

Lo - LAt Distance in meters i

8 Figure 13. All of the urban and suburban experimental data plotied together
with the theoretical result for the turning comer attenuation.
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& Figure 14. All of the urban and suburban experimental data plotted together
with the theoretical result for the attenuation vs. distance slope.

sight street width was doubled is shown in Fig. 10.
As expected, the corner attenuation and the
slope decreased. The number of reflections in the
wider out-of-sight street decreased when com-
pared to the narrow out-of-sight street for the
same distance.

Figures 11 and 12 show how the corner atien-
vation and the slope (attenuation vs. distance)

changed when the turning corner distance and
the LOS street width were kept constant at 160 meters
and 30 meters, respectively, while the out-of-sight
street width was varied from 10 meters to 50
meters. When the location of the transmitting anten-
nawaschanged from the middle of the street to the
sidewalk, the corner attenuation and the attenu-
ation vs. distance slope changed insignificantly
because the angles for which the rays enter the side
streets changed very little. By moving the trans-
mitting antenna, the distance in the street of
average width changes only about 10 meters,
while the distance to the first tuming corner remains
approximately 75 meters (the length of the aver-
age block). However, by changing the transmit-
ting and receiving antenna heights, LOS
propagation is affected, but the corner attenuation
and the attenuation vs. distance slope in the out-
of-sight street remain approximately the same.
Again, the reason for this is a minimal change of
the angles and the path lengths of the rays which
enter the side streets when the antenna heights
arc varied.

The average path loss equation for the out-of-
sight sireet can be calculated using

dyd
L,,=L,,-+A+(IOB)Iog,0[ Zd* '] )
1

where L is calculated using the free space prop-
agation formula:

A

Lf =0 |08m[‘—"

4nd, (12)

where:

L, is the path loss in the out-of-sight
street

Aisthe corner attenuation and isdetcrmined
byL,

A = L, (immediately after turning the
corner) - L, (just before turning the
corner)

B is the slope in the out-of -sight strect
and is determined by the slope of L,

d, 1s the distance to the corner

d-isthe distance along the out-of-sight street

The above equation combined with Equa-
tions 1 and 2 fully describe the LOS and out-of-
sight propagation in urban and suburban
environments.

Experimental Results

Extensive propagation measurements were per-
formed in urban and suburban areas. Each of the
measurements were started from the transmitting
antennaintothe LOS streetand then aturn was made
in an out-of-sight street. The sudden power level
drop at the corner and the different propagation
slope occurred which agreed with the theoretical
model. With an increase in the distance between the
transmitter and the receiver at the turning cor-
ner. both the power level drop and the stope also
increased.
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Figures 13 and 14 compare the power level
drops (relative to the free space propagation) and
the slopes as a function of distance between
the transmitter and the turning corner of
all the experimental data to the theoretical
results.- We also observe that the comer atten-
uation 2nd the slope are very similar in the
urban and suburban areas, which indicates
that the same model can be used for both
environments. The reason for this is that the
heights of the antennas were considerably
below the relative heights of the buildings.
Additionally, the widths of the streets and the
lengths of the blocks were similar. Also, while
moving along the out-of-sight streets, the sig-
nal power level increased at each of the inter-
sections because of the power coming from the
other streets.

Conclusion

The results depicted here indicate that the
multi-reflection mode! explains the power
loss along the aut-of-sight streets. As the turning
corner distance increases, the corner attenuation
and the slope also increase. Extensive propa-
gation measurements were performed to verify
the theoretical results, and it was found that
the experimental results are similar in urban
and suburban areas. The theoretical model
also predicts how the sudden power drop and the
attenuation vs. distance slope decrease as the
width of the out-of-sight street increases. The
corner attenuation and the slope in the out-of-
sight streets are not significantly affected by
the different antenna heights and locations of the
transmitting antenna in the microcellular envi-
ronment.
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APPENDIX B

B-CDMA CELLULAR OVERLAY
ON AN AMPS SYSTEM
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BCDMA CELLULAR OVERLAY ON AN AMPS SYSTEM

Introduction
The following three sections prove that BCDMA with a chip rate of 10Mchips/sec can

overlay on the existing AMPS system and provide an additional 436 BCDMA users to the
50 AMPS users located in the 10MHz band. If TDMA were employed rather than AMPS,

then 496 BCDMA users could equally overlay the 150 TDMA users.

A major benefit of this proposed system is the transition plan. That is, there is no AMPS

service reduction as the BCDMA system grows until BCDMA service exceeds 496 users.
Thus, the BCDMA system could be positioned as a “business” quality service, providing

privacy, bit-rate-on-demand, high quality voice and no dropped calls.

The calculations presented below assume that the AMPS system uses a 3-sector antenna
system. A 6-sector system would provide increased capacity. In addition, it has been
assumed that the BCDMA system uses a 6-sector antenna system. Using 3-sectors

would decrease capacity.

It is important to note that the SCS Mobilecom B-CDMA cellular proposal is truly an
overlfay and will not noticeably affect existing AMPS or TDMA users. The SCS system
will provide carriers with the ability to maximize the utilization of their scarce resource -
the frequency spectrum. Incremental subscribers will be added with the B-CDMA

“business" quality service. As the ratio of B-CDMA to AMPS/TDMA users increases, the




B-CDMA system will gracefully accommodate the new users.

Capacity Increase
The SCS Mobilecom system easily meets the 1988 CTIA User Performance

Requirements (UPR) for 10 times AMPS capacity.

More importantly, because the transition to the next generation standard is one of the
most critical factors, please review the following relative capacity increase table. Note:

these capacities are derived without removing one AMPS or TDMA user.

CAPACITY
INCREASE FACTOR

This clearly demonstrates the robustness énd fiexibility of B-COMA. During transition,
using a high quality voice digitizer, B-CDMA can provide § times todays capacity,
providing sufficient capacity for most markets through the end of the decade. As the
number of existing AMPS/TDMA users convert to B-CDMA, more capacity is available as
AMPS channels are turned down. Ultimately, 20 times AMPS capacity can be met if all

AMPS/TDMA users are converted; all this, with a high quality 32 kbps voice coder.




1.0 Frequency Modulation

Consider the AMPS cellular user receiving the desired FM signal plus interfering B-COMA

signals. The input to the discriminator is therefore:

n :
v (t) = 2P, cos(w ,t+8(t)) + 121 V2P¢ ¢; (t)oos(w f+d ;) + AUt) (1.1)

where n_(t) is thermal white gaussian noise. The FM receiver filters the interference,
reducing its power by the processing gain, K, which is defined as the ratio of the spread

spectrum bandwidth to the FM bandwidth. Typically K = 10MHz/30kHz = 330. The filter

output is
v, (t) - ‘/ZPA cos(w ,+6(t)) + ig 1/2ﬁc IK z; (t Yeos(w t+¢,;) + n(t) (1.2)
=1

where z(t) is the chip stream c,(t) after filtering, and ¢, is the phase of each CDMA

interferer relative to the FM carrier. The noise n(t) has been filtered.

Rice [1] has pointed out, as has Schilling [2], that the modulation 6(t) has little effect on
the calculation of the output noise bower in an FM output SNR calculation. Setting 6(t)

equal to O for this calculation yields the phaser diagram shown in Fig. 1.1.

The output of an FM discriminator is the derivative of y with respect to time. Assuming

a high input signal to noise ratio, C/l, i.e., assuming that:

P, >> nP, IK (1.3)




and

tan ¢ = ¥ (1.4)

n
% = J Pc,iPA z; (t) sind, (1.5)

To simplify the calculations we can assume that the heauvily filtered chip stream z(t) looks

yields

like bandlimited, white, gaussian noise, with variance equal to unity. Then, the output

interfering power N,, due to the z, in a bandwidth, f, = 30kHz is [2].

_ | PclPa) 4x® 5 _ PCIPA] ©m (1.6)
N "( 2K]38t’3" "( ok ) 3 1B

where B is the IF bandwidth. Similarly, the output power due to thermal noise is

4r® f:.] _ Nl (Oam} (1.7)

Assuming sinewave modulation, the outpuf signal power is [2]

'S, = (Bw )32 (1.8)

Hence the output signal-to-noise-ratio is

So Bay [2
N+N.
rm ,,(Pcm,) wsz,.,+nfmfw2m]
2K 38 P\ 3
4




, , _n[Pc)(Pa) 1.9

.8 B8 n . 1.10
SNR, - = p2 (CNR)(fm)/P 2K[PA) (CN R) (1.10)

where CNR = (P,/mB). For example, in our AMPS/BCDMA overiay, f = 4, Bff, = 10, K

= 330 and P,/P. = 10. Then if, for example, n = 144,

SNR, - 240(CNR)[[1+0.22(0.1)CNR | - 240 (C”;’R]m «0.022(CNR)] (1.11)

n

Figure 1.2 plots Eq. (1.10) for different numbers of CDMA users, n, in an AMPS antenna

sector.

Figure 1.2 can also be used to estimate performance in a fading medium. For example,
if the number of simultaneous B-CDMA users in an AMPS sector is 144 and if the
average carrier to thermal noise ratio, CNR, seen by the AMPS system is 19dB, then the
demodulated output (SNR), of the AMPS FM demodulator is 43dB. A 6dB fade would

reduce the CNR to 13dB and reduce the demodulated output SNR to 37dB.

We shall employ Eq. (1.10) in Sec. 3 to determine the maximum number of CDMA users

allowable.




2.0 CDMA
Consider a CDMA system receiving a desired spread spectrum signal in the presence of
interference. Since CDMA systems are interference, rather than thermal noise, limited,

our discussion will neglect the thermal noise. The coherent receiver employed by SCS

performs the demodulation procedure shown in Fig. 2.1. In this figure the phases 6, and
¢; represent the effect of random propagation delays and are independent random

variables, uniformly distributed between -x and n. The spreading codes (chip sequences)

are c(t-t) where T, = O if the chip edges would line up. Assume the chip edges occur
displaced from that of user U, by the time v, Because we are using a large spreading
sequence, each bit appears as though it were spread by a truly random binary sequence
and thus t; can be assumed to be uniformly distributed between 0 and T, where T is the
chip duration. The ratio T,/T., which is the ratio of a data bit to a chip, is called the
“processing gain". Note that this processing gain is different from the one defined in Eq.
1.2. The phase ¢, represents the FM modulation. In the AMPS system the maximum
value of ¢, is approximately equal to 4.

+

Referring to Fig. 2.1 we have

.
Vo= y2P; Tyd, + 2Po T, T cose,—,;_— [ cdt) ¢ (tx,) ot
-1 . *0 @.1)
"2 b
« 2P, T.,jﬁ—;; [ €0 (t) oSl (t) + &) dt
0




where

o (t-v;) = d(t-)¢lt-x,)

since the ¢;'s are assumed random.

We shall now determine the output SNR of the CDMA system. To proceed, let us

consider separately the interfering power produced by each type of interfering signal.

2.1 |nterference Caused by Other CDMA Users

The interference caused by the n, CDMA interferers is

T
n, b
L - 2P, £ cosf, f cft) ¢ (t-v,;) at (2.2)
i1 0
The power in |, I,%is
T
- n b
R-1@ro)|x [ che)dies)) (23)
L

In this expression we have used the fact that

cos? 0, - 1/2 (2.4)
It has been shown by Pursley [3] and others, that the power due to the chips not being
in alignment is less than the power obtained when t, = 0, for all i. Indeed the expression

usually used is




n Ts

1 / 2
Z [ edt)c-z,)d -2 n
=1 g

(2.5)

While the derivation of this result is, in general, complicated, three simple examples

illustrate the point:

2.1.1 Rectangular Pulses

Consider the rectangular pulses ¢, and c¢’, shown in Fig 2.2,

Note that the product c (t) c',(t-t)is

1 Ostsv,,eachwthP- 1
ckt) cilt-x,) = 2 (2.6)
1 T st<T,, eachwith P- -
Therefore
T, s T, each with P - 1
[ edt) ¢ (t-<;) dt - 2 7)
0 e Try) emch with P - 3
Therefore
TC
fco(t)c,’(t—-c,) --;—(Tc)2+—1—(Tc—t,)2-3Tf (2.8)
o 2 3




omepreue

To obtain Eq (2.8) we assumed that ¢, was uniformly distributed between 0 and T_. Note

that if <, = O,
Tc
[eolt) ciit) o - tTcaaahwithP--%
0

and

T

[ ety die) af - 72 @9

0

Ergo, comparing Egs. (2.8) and (2.9) yields the factor of 2/3.

2.1.2 Half-sinusoidal input pulses

A second example assumes c'(t) = sin at/Tc and c,(t), for simplicity of calculation, is

taken to be rectangular as illustrated in Fig 2.3. In this example,

T. '

T
fca(t) cj(t-7,)dt - + —% [1 - cos n_;’} + -;t-"'- [cosn' - 1] (2.10)
o -

c

The average power is then

T" Tc ( \2 2
fca(t)c;(t—fl)dt - —1— f _1_ 2Tc + l[ﬂ)msz 1t‘tl dtl
0 Togl2in) 20 T. (2.11)
3 (21}
4\ = )
9
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if ¢, = 0, it is readily shown that

T, \
[ea(t) o (t)dt| - [21;) (2.12)
0

Note the factor now becomes 3/4 rather than 2/3.

2.1.3 The Raised-Cosine

If ¢'(t) = 1 - cos 2nt/T,, a raised cosine, the result would be 0.8T 2 compared to T ? if ¢;=0.

The factor is now 0.8.

Since the value obtained in evaluating Eq (2.5) is dependent on the pulse shape and
varies for the cases considered: 2/3 (rectangular), 3/4 (half-sinewave) and 0.8 (raised-

cosine). For rectangular shape pulses, Eq. (2.3) becomes’

= T f
E- 0371 2Py -ff (2.13)

2.2 |Interference Caused by the FM Users

The interference caused by the n, FM AMPS users is

“The factor of 3 in the denominator of Eq. (2.13) is the factor under discussion. This
factor is well known and alternative derivations of the error rate in CDMA system have
also obtained this factor. The most recent paper is by J. Holtzman, [4].
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i 0

To simplify the discussion we approximate Eq. (2.14) by the summation

n T,IT;
L-2PT,Y Y CliT,)cos (b, (T.)dl
F1

Then the variance of I, becomes

- ”z Tb,Tc
L - (2P) 7*2;1 ):1 E {COS? [6, (1 T.) + ]
1 -

Hence

E -T2 n(Ps)hlf,

2.3 Signal-To-Noise Ratio

(2.14)

(2.15)

(2.16)

(2.17)

The SNR seen by a BCDMA user in the presence of other B-CDMA users and AMPS

users is then, from Egs. (2.1), (2.13) and (2.17):

SNA - fzpcrf Py
n
2Pc7':(—31"72)+2PAT:[—2—‘
- fclfb
m, (P
3 2 \P,
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(2.18)




3.0 The Cellular Overlay

Using Eq (2.17) we can explain the operation of cellular overlay.

3.1  Effect of AMPS Users on the BCDMA Base Station (Fig. 3.1)

Assuming that the BCDMA base station uses a 60 degree (6 sector) antenna, the number

of interfering AMPS users is

n, - 1.6 (50/6) - 13 (8.1)

where 50 is the number of AMPS users in a cell, 6 is the fraction of users in the sector

and the factor 1.6 includes adjacent cell interference.

The processing gain f ff, = 10Mchips/s/13kbits/sec

fo _ 10 Mchipsis _ 770 (3.2)
fy 13 kbitsls

Let the ratio of the powers transmitted by the AMPS and BCDMA users be P,/P." = 15.

Then Eq. (2.17) becomes

770

13

19 45
* 3 (15)

SNR -

n, (3.3)
3

If the SNR at the receiver is 6dB (=4), which is sufficient to yield an error rate of 10 (the

Adaptive Delta Modulator (ADM) performs properly with a BER = 10?),

"PA\P is the ratio of the power received at the base station due to an AMPS user, to
the power received at the same base station due to a BCDMA user.
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n, - 285 (neglecting VAD) (3.9)
if we assume that approximately 60% of the interfering users are in the adjacent sectors

of the neighboring 2 cells and since there are 6 sectors, more than (285/1.6) x 6 = 1069

CDMA users can simultaneously access the CDMA base neglecting VAD and 2137

CDMA users with VAD.

We shall see below in Sections 3.3 and 3.4, that user interference to the base station

does not limit performance.

3.2 Effect of BCDMA Users on the AMPS Base Station (Fig. 3.2)

Assuming that the AMPS base station uses a 3-sector antenna, Eq. (1.10) yields the FM

demodulated output SNR:

(SNR), - 3 p? (CNR) [—,ﬁ] / { - [_f;ﬁ) (CNm} 3.:5)
A

m

where CNR is the carrier power-to-thermal noise ratio.
Let B = 4, Bff, = 10, K = 330, P/P. = 10 and CNR = 17dB(50).

if we design so that the CDMA interference is equal to the thermal noise power, then

PP, is the ratio of the power received at the base station due to an AMPS user to
the power received at the same base station due to a BCDMA user.

13




